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To understand the natural emergence of complexity one must consider the hierarchi-
cal interrelationships among material, spatial, temporal, biological and semantic clo-
sure. It would be desirable to formulate a systematic approach toward integrating
these distinctive concepts into a coherent perspective of the emergence of closure.
Progress in complexity research suggests we can begin to approach this capability.
Transdisciplinary communication depends on semantic closure. Without seman-
tic closure, each discipline will assign a local meaning to a global concept. Although
natural language seldom requires scientific precision, modern transdisciplinary work
in the biological, social, and computational sciences and in philosophy depends on
semantic transparency. Progress in complexity research requires mutual access to se-
mantic closures.
The concept of closure challenges the basic concepts of science and of scientific
philosophy.   Whether one is concerned with mathematics, physics, biology, or med-
icine, it is necessary to define a domain of discourse and the specific objects of con-
cern within this domain. In the act of defining the specific closure of concern, one
purposely includes objects of one class and excludes other objects or classes. Thus,
the act of defining a closure leads naturally to a separation, a distinction, a placing
of value on what is important and what is not important. The reasons for including
this and excluding that constitute a choice—a choice grounded in the values of the
scientist or philosopher.
This volume focuses on the role of closure at various hierarchical levels to par-
tially address questions of the potential relations between self-organization and
selection. The book seeks to clarify the role closure plays in explaining the emer-
gence, development, and evolution of structurally stable systems at various levels
such as the chemical, biochemical, biological, psychological, and cultural. In this
preface the concept of closure from the perspective of mathematics and a scientific
philosophy of matter, space, and time are summarized briefly. The papers in this vol-
ume develop numerous possible conceptualizations of closure over a wide range of
scientific disciplines.
One challenge for the concept of closure is rooted in mathematics (Hilbert’s for-
malism) and logic (Russell’s paradox.) A modern mathematician may seek to
address closure from a logical perspective of Zermelo–Fraenkel theory of sets. In
this theory, the closure of a set and its internal structure are generated logically by
starting with an empty set. The structure of the natural numbers is generated by add-
ing elements to the empty set, one at a time. By recursively adding elements to the
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empty set, one at a time, a hierarchically organized set of all subsets can be generat-
ed—all possible combinations of the individual elements (Pascal’s triangle). Appli-
cation of the Möbius inclusion and exclusion theorem allows logical closure over
any desired combination of the natural numbers. Thus, under the simplistic presup-
positions of Zermelo–Fraenkel set theory, the concept of closure is well defined for
finite sets of natural numbers. However, within the scientific world, the simplistic as-
sumptions of set theory are seldom applicable. For example, the principles of con-
servation of mass and charge conflict with a generative logic grounded on the empty
set. The intrinsic complexity of natural systems demand consideration of continuous
functions in time and space. This inevitably leads to considerations of open sets and
clopen sets as well as the closed sets of Zemelo–Fraenkel. (Clopen sets are, for ex-
ample, real intervals that are closed at one end and open at the other.) Thus, within
applied mathematics itself, the problem of closure presents an endless challenge.
In the sciences, the concept of closure implies addressing the basic issues of
organization of matter in space and time—an extraordinarily difficult challenge. It is
often convenient to obscure the difficult intellectual challenge of closure by selective
usage of scientific tradition, scientific language, or scientific policy. For example,
statistical techniques using fixed distributions are especially effective in obscuring
the generative operations, which are intrinsic to the closure of living systems. One
primary tactic that can obscure the challenges of closure, is to focus on a population
rather than on an individual.
Alternatively, one can focus on the closure of a particular subsystem or compo-
nent of a complex system and seek to isolate or minimize its relationships with larger
systems.   From a philosophical perspective, it is interesting that the sciences of
chemistry and thermodynamics both address the concept of closure without flinch-
ing. A formal chemical name explicitly relates to both the composition of the object
and to the organization of the object—that is, a semantic closure consistent with ex-
perimental observations. Thus, a specific chemical name includes one structure and
excludes all other structures. This semantic closure allows unequivocal communica-
tion about chemical structures. 
 
A priori,
 
 thermodynamics is grounded on isolated
systems at equilibrium. Thus, thermodynamics begins as a well-defined closure.
Many other scientific theories lack a persuasive logic of closure.
Relative to material closure, spatial closure represents a simpler concept. The
analogy of 
 
Chinese boxes
 
 or 
 
Russian dolls
 
 is often used. In these analogies, each of
the nested objects represents a well-defined space. The comparison among objects
consists of a set of nested hierarchy of objects, each enclosing a smaller object with-
in itself. Within this metaphor, spatial closures can be used to arrange material
objects in a hierarchical sequence according to scale. Unfortunately, the spatial anal-
ogy of 
 
Russian dolls
 
 is not relevant to complex systems such as ecologically distrib-
uted populations. Nor does such an analogy address the intrinsic biological problem
of separating “sensing the environment” functions from “responding to opportuni-
ties” functions within the biological closure.
Relative to material and spatial closure, temporality resists closure. Time flows
without closure. Nevertheless, virtual closure is often imagined in scientific models.
We can construct artificial homologies between the temporal duration and the length
of an interval. Such constructions are extensively used in science and technology in
order to guide measurements and to predict future events. However, when time is
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intertwined with space, the nature of life is violated since living organisms construct
their individual time from internal molecular–biological dynamics. The natural of
temporal biological closure is virtually unexplored.
The meaning of psychological closure requires even deeper reflections on the na-
ture of man and mind. Selfhood emerges slowly from the gradual and repetitive in-
tertwining of biological potentials with meaningful experiences. Thus, an intimate
interweaving and intertwining among the specific historical, biological, and social
dynamics generate the forms of behavior, value, and character of the individual. Our
current understanding of the construction of a closure about self remains primitive.
An international group of scientists and philosophers were called to Ghent, Bel-
gium on May 3–5, 1999 to open a discussion on closure. We sought to explore the
concept of closure from a transdisciplinary perspective. 
 
Closure: Emergent Organi-
zations and Their Dynamics
 
 brings together the papers derived from this gathering
of leading international scholars. The views of mathematicians, physicists, chemists,
biochemists, biologists, psychologists, systems scientists, computer scientists, ecol-
ogists, philosophers, and others are collected into this volume. The specific topics of
these papers range over a spectrum of current complexity research—from founda-
tional issues of time and emergence in physics to ecological developmental process-
es to the nature of consciousness. Comparing these diverse transdisciplinary views
provides a rich source of stimulation for the contemplative mind.   The unique and
often conflicting views of leading scholars invites the reader to develop a fresh un-
derstanding of the nature of complexity, organization, and selfhood within the natu-
ral sciences and philosophy.
The symposium was sponsored by the Research Community on Evolution and
Complexity of the Fund for Scientific Research, Flanders, and by the Washington
Evolutionary Systems Society. We gratefully acknowledge the financial support of
the Research Community on Evolution and Complexity. We thank Lien Van Spey-
broeck for her numerous contributions as a co-organizer.
We are grateful to the editorial department of the New York Academy of Sciences,
especially Dr. John Kennedy and Justine Cullinan, for guiding this book to press with
such patience and grace. It has been a pleasure to work with these fine professionals.

